Introduction
Honey is the natural sweet substance produced by honey bees from nectar of plants or can be obtained from the living parts of plants. Honey has been part of an important nutritional food product worldwide. Currently, there is a high market demand for pure honey and it became an expensive food product. To obtain more profit and due to insufficiency of pure honey in the market, irresponsible sellers started to produce and sell adulterated honey which is cheaper and easier to produce compared to the unadulterated honey [1] . Honey adulteration has become a common problem due to the difficulties in distinguishing pure honey from adulterated honey [2] . Foreign substances such as glucose syrup, corn syrup, sugar syrup and inverted syrup are used as adulterants and added directly to pure honey at certain ratios after production to increase the honey sweetness to recover more honey from the bee hives [3] . Although these adulterants increase the quantity of honey, they decrease the nutritional properties, thus degrading the quality. Considering these limitations, this study proposes an alternative method by applying fiber optic sensor in adulterated honey detection. Fiber optic sensor has attracted considerable attention in the new sensor systems as it offers numerous advantages due to its small and thin size, biological inertness in nature and the safeness due to absence of electric current at the sensing point [4] [5] [6] . Fiber optic sensors are being widely used as chemical sensor in measuring the concentration of ethanol [7] [8] [9] [10] , sucrose and sodium chloride solution [11] , glucose [12] [13] [14] [15] , preservative in milk [16] , adulterated edible oil [17] and determination of nitrate [18] , cadmium [19] , fluoride [20] , copper [21] , magnesium [22] and lead ions [23] based on their concentrations in water.
Recently, fiber optic sensor has been introduced as one of the interesting techniques to detect adulterated honey but still in the primary stage of development. In 2016, Bidin et al. [24] presented a fiber optic displacement sensor to detect sugar content in honey. The honey samples were adulterated with different percentage of fructose and glucose ranging from 0% to 10%. The sensor performance showed that the voltage signal linearly increases with the concentration of adulteration of sugar. In 2017, Irawati et al. [25] (Acacia) were adulterated with different percentage of glucose ranging from 1% to 6%. The sensitivity achieved by these sensors is 0.49 μW/% and 1.37 μW/% respectively. Thereby, we determined that it is feasible to detect the adulterated honey samples with a fiber optic sensor. Therefore, in this work, optical fiber tip sensor is proposed as a new technique in detecting adulterated honey. This work employs the optical sensing technology using a fiber tip sensor to determine the purity of honey at percentage level. The main interest is the application of fiber optic sensor as a chemical sensor where the reflected light intensity changes by changing the chemical composition of measured solution around the sensing region.
Research Method
In this experiment, a standard single mode fiber of length 30 cm with core and cladding diameter of 9 μm and 128 μm respectively was used to fabricate the tip sensing probe. The small part of the fiber tip was stripped and cleaned by ethanol and dry tissue. Then, the tip was cleaved to produce a flat end surface to provide approximately 4% reflectivity. The pure stingless bee honey sample was obtained from a beekeeper in Pahang, Malaysia. Initially, glucose adulterant with 10% concentration was prepared by dissolving glucose powder [Chemically Pure Grade, R&M Chemicals] in distilled water. In the adulterating process, the glucose solution was added individually into six different beakers with various volume percentage ranging from 0% to 40%. Subsequently, the mixtures were stirred for 10 minutes to ensure homogeneity. Table 1 shows the percentage of honey purity after adulteration for labelling purpose. The refractive indexes of all the samples were determined using a digital refractometer. Before measurements, the refractometer was calibrated using distilled water in accordance with the instrument's instructions. The experimental setup for the proposed sensor is shown in Figure 1 . Amplified Spontaneous Emission (ASE) [FiberLabs] was used as the light source. The passive optical circulator was used to direct the reflected light from the sensing surface to the detector in one direction. The reflected optical spectrum was monitored and recorded using optical spectrum analyser (OSA) [Yokogawa -0.02 nm resolution]. Throughout the experiment, the sensing probe was compeletely immersed in the solutions. At the end of each sample measurement, the sensor was cleaned with distilled water repeatedly, followed by drying properly to return to the initial state condition. The experiment was repeated for three cycles and conducted at standard room temperature. 
Results and Analysis
In the experiment, the optical power was monitored while honey samples with different percentage of purity were in contact with the sensing surface. The refractive index of the adulterated honey samples was recorded for reference and the optical sensing response is subjected to studies to evaluate the sensor performance. Figure 2 shows the refractive index of adulterated honey samples against the percentage of honey purity. As the percentage of purity increases from 60% to 100%, the refractive index of solution also increases from 1.4049 to 1.4561 with total changes of 0.512. Based on the plotted graph, by changing the chemical composition of the solution, the refractive index will also change.
Sensing Response

Figure 2. Refractive index of adulterated honey samples
The tip probe sensor was exposed to different adulterated honey samples of increasing order from 60% to 100%. The optical response of the sensor for various concentrations were recorded as shown in Figure 3 . The spectrum becomes narrower with the decrement of percentage of purity in honey samples due to the change in the refractive index. The pure stingless bee honey shows the smallest spectrum size and lowest reflected optical power which indicates more light loss occurs during sensing. It can be seen, when the refractive index of the measured solution increases, the light intensity reflected to the fiber core decreases. Figure 4 depicts the graph analysis of the optical power values of the sensing probe as it measures the adulterated honey samples at 1559 nm for three cycles of experiment. As the percentage of honey purity changed from 60% to 100%, the reflected light intensity gradually decreased via energy loss due to light scattering. In the measurements from all three cycels, based on the slope of the graphs, the highest sensor sensitivity was 0.2942 dBm/% which is shown in Figure 4 (b) with linear regression value up to 0.968. Basically, all the experimental data are agreeing well with the fitted straight line. These results indicate that the sensor is an ideal platform for detecting adulterated honey samples. The average sensitivity achieved by this sensor was 0.29 dBm/% and the linear regression value was 0.97. From the three cycles experimental results, the fiber tip sensor can maintain its sensitivity with good signal stability. 
Sensing Mechanism
When immersing the fiber tip sensor into the adulterated honey solution with various percentages of purity from 60% to 100%, the reflected optical power changed due to the changes of refractive index of the surrounding. As previously shown in Figure 2 , the change in chemical composition will change the solution refractive index. Fresnel reflection occurs at the coupling interface between the measured solution and the optical fiber core which has different refractive indices thus, a portion of light is reflected into the core [26] . The fraction of optical power (R) that is reflected at the interface is given as [26] . Here, n1 is the refractive index of the optical fiber core and n2 is the refractive index of the contact measured solution with the core. Figure 5 illustrates the working principle of fiber tip sensor. By changing n2 with physical parameters, Fresnel reflection arising at the interface between the tip of optical fiber and the contact solution also changed. 
Conclusion
In this study, we successfully applied the optical fiber tip sensor in adulterated honey detection at different percentages of purity ranging from 60% to 100%. The sensor sensitivity reached up to 0.27 dBm/% and the linear regression value was 0.97 showing that the experimental data fitted well with the straight line. This shows the sensor has a potential in adulterated honey detection. In the future, we suggest improvements to increase the sensor sensitivity and selectivity for high quality detection.
